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(54) [TITLE OF THE INVENTION] 
Thin and deformable film [Usui henkei kanou na film] 

(57) [ABSTRACT] 
[SUBJECTS] 

It offers a beam guide tube that uses a thin deformable film made of transparent material 
of which one side has a structural plane that attain an inwardly total reflection to totally 
reflect beams that enter at certain angle within a range inward. 

[MEANS OF SOLUTION] 

A thin deformable film formed of a transparent polymer material that includes a 
structural plane on one side and a smooth plane on the other side opposite to said 
structural plane; and said structural plane includes linear arrangement of micro-prisms 
having almost right angled isosceles that are placed in a manner of a juxtaposition to 
form plural numbers of projections and grooves; and two right angled sides of said prism 
form approximately 45° against said smooth plane that is opposite side to said structural 
plane; and said smooth plane of the film is formed in a tubular form to become arc curve; 
and as beams that enter at certain angle within a range move, they are totally reflected 
inward. 
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[CLAIMS] 
[CLAIM ITEM 1] 

A beam guide tube is characterized by the fact that is of a thin deformable film having a 
structural plane on one side and a smooth plane on the other side that is opposite to said 
structural side, and said structural plane includes linear arrangement of micro-prisms 
having approximately right-angled isosceles and are placed in a manner of juxtaposition 
to form plural numbers of projections and grooves on said structural plane, and right- 
angled two sides of said prism form approximately 45° against said smooth plane that is 
opposite to said structural plane, and said film is formed in a tubular form of which said 
smooth plane would become a smooth arc curve, and as the beams that enter at certain 
angle within arrange move along the tube, they are totally reflected inward, and at the 
same time, said film has means to leak beams of adjusted quantity to allow certain 
portion of the beams that enter said guide tube can escape through the film without being 
totally reflected inward to provide said beam guide tube that works as an illumination 
device. 

[CLAIM ITEM 2] 

The beam guide tube described in the claim item 1, wherein the means to leak beams of 
adjusted quantity is structured by making the angles of prisms on the structural plane as 
not optically sharp. 

[CLAIM EEM 3] 

The beam guide tube described in the claim item 1, wherein the means to leak beams of 
adjusted quantity is structured by making right-angled two sides of the prism on the 
structural plane as not optically smooth. 

[CLAIM ITEM 4] 

The beam guide tube described in the claim item 1, wherein means to leak beams of 
adjusted quantity is structured by rounding the projections as r/p ratio in specified manner 
to allow leakage of beams of adjusted quantity; and r shows an approximate radius of the 
rounded projection, and p shows a gap of grooves. 

[CLAIM ITEM 5] 

The beam guide described in the claim item 1, wherein means to leak beams of adjusted 
quantity is structured by inclusion of beam diffusion particles in said transparent polymer 
material. 

[DETAILED EXPLANATION OF THE INVENTION] 
[0001] 

[FIELDS OF INDUSTRIAL APPLICATION] 

This invention relates to a beam guide tube that uses thin deformable film made of a 
transparent material and has a structural plane on one side and a smooth plane on the 
other side that is opposite to said structural plane, and its one local plane with 
combination of said plane is capable of totally reflecting beams inward. 
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[0002] 

[PRIOR ART] 

As it has been disclosed in, for instance, the USA patent 2,248,638, forming of a thin 
deformable film of which one side is made as a structural plane in order to polarize 
beams has been already known by the experts in said technical fields. Furthermore, a 
mirror has been used to reflect beams; and method of forming a mirror has been already 
known by the experts in said technical field as it has been disclosed in, for instance, USA 
patent 2,723,919. However, there is a limit to the use of mirror. Commercially sold 
mirrors show limited range of reflectivity of generally about 75% to about 95% range 
regardless of them being new or not; and a reflective cover becomes faded with elapse of 
time to reduce reflective efficiency. 

[0003] 

For instance, as it has bee disclosed in the USA patents 2,175,067 and 4,260,220 of the 
same, principles of inward total reflection have been recognized by optical technical 
experts as the one that takes place of the mirror in a reflector or a flood light illumination 
equipment. That application can be found in various optical equipment and machineries 
such as Porro prism for certain type of binoculars, Amici Roof [transliteration] prism 
that is used for certain type of periscope, or Roof [transliteration] prism that is used for 
certain type of single-lens reflex camera. However, such device is enormously large and 
bulky. 

[0004] 

[SUBJECTS SOLVED BY THIS INVENTION] 

This invention is made of a transparent material having a structural plane on one side 
that attains inward total reflection so the beams that enter at the angle within certain 
range can be inwardly and totally reflected; and it uses an improved thin and deformable 
film. Furthermore, as thus improved film does not need any sort of covers , it can 
maintain its efficiency over long period of time. Lastly, as the film being deformable, it 
can be shaped in various shapes and can be utilized in varieties of manner. 

[0005] 

[MEANS USED SO TOLVE THE SUBJECTS] 

This invention relates to the thin deformable film formed of a transparent polymer 
material having a structural plane on one side and a smooth plane on the other side that is 
opposite to said structural plane; and it offers a film having of which said structural plane 
includes linear arrangement of micro-prisms having approximately right-angled isosceles 
micro-prisms that are placed in a juxtaposition manner to form plural numbers of 
projections and grooves; and when film is flat, right-angled two sides of said prisms form 
approximately 45° angle against said smooth plane that is opposite to said structural 
plane. Furthermore, this invention offers a beam guide tube that is designed to totally 
reflect the beams that enter at the angle within certain range and moves along the tube 
inwardly, and said film is formed in a tubular form so said smooth plane becomes smooth 
arc curve. 
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[0006] 
[ACTIONS] 

When said smooth plane becomes an arc, it is possible to maintain reflectivity, and the 
film can be used in various ways. For instance, when it is used as a trough due to its 
capability for deformation, it can be utilized as a solar energy concentration device. 

[0007] 

Particularly beneficial point of the film being deformable is that it is possible to form a 
guide tube of various cross sectional shapes or as optical tunnel through arrangement of 
prisms with right-angled isosceles in linear arrangement in parallel, orthogonal direction 
to the axial line of guide tube or by providing some angles. However, beams are totally 
reflected inward and are carried along the guide tube at first providing they are facing the 
correct direction to the guide tube. Furthermore, it is possible to adjust the actions of 
guide tube so it can work as an illumination device by allowing beams to leak at the 
adjusted quantity. 

[0008] 

[EXAMPLES] 

This invention is explained in details below in reference with attached Figures showing 
elements corresponding wit the same reference numbers. When Figure 1A and Figure IB 
are referenced, the thin and deformable film that is used in this invention is designated 
with (10) in its entirety, and it has a structural plane on its one side and a smooth plane 
(14) on the other side that is opposite to said structural plane, and it is formed of a 
transparent polymer material. As illustrated in the Figure 2, incidental beams that strike 
either said plane (12) or (14) at the angle within certain range are totally reflected inward 
at the other plane. Regarding beams, when the beams that are refracted at the first plane 
strike the second plane at the angle that is higher than critical angle based on the normal 
line, they are totally reflected inwardly. This critical angle within the air is defined as an 
arc sine that is inversely proportional to the refractive index of said material. As 
illustrated in the Figure 3, fairly large portions of incidental lights that strike against said 
plane (12) or (14) at the angle that is out side of said range are transmitted, and remaining 
portions are reflected. That is to say, beams that enter said smooth plane (14) at set angle 
within a range based on its normal line are transmitted at narrow angle range from the 
structural plane (12); and in addition, the beams that enter the structural plane (12) with 
the angle range that is narrow based on the normal line of smooth plane (14) are 
transmitted at wider angle range from the smooth plane (14). In any situations, 
absorption of beams by said material is the level that is negligible. 
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[0009] 

As illustrated in the Figure 2 and Figure 3, the structural plane (12) is formed with linear 
arrangement of micro-prisms (16) having approximately right-angled isosceles that are 
placed in a juxtaposition manner in mutually parallel direction to form plural numbers of 
projections and grooves (18) that extend in the lengthwise direction of the film (10). 
When the film is flat, right-angled side (20) forms angle alpha (a) that is about 45° 
against adjacent smooth plane (14). Furthermore, when film (10) is bent and its smooth 
plane (14) becomes a continued arc curve [form], said angle alpha (a) shows changes 
from 45° as illustrated in the Figure 4 and Figure 5. The side (20) bows due to either 
compression or tension of the film. It was found that these statuses do not provide a 
prominent affect on the performance of the film (10) in many applications. 

[0010] 

Although specific material that is used for the film (10) may be changed, and said 
material is generally deformable in the case of specific applications, it [material] is 
intended not to show a sufficient rigidity capable of self-standing. Regarding elasticity of 
the film (10), it is best when defined as that the smooth plane (14) can be curved in the 
manner of smooth and continued arc without showing noticeable discontinuity such as, 
for instance, twist, tear, or segmentation and the like. However, it is indispensable that 
said material is transparent, and preferably, shows a homogeneous isotropy. The polymer 
materials useful for this purpose include, for instance, commercially available acryl and 
polycarbonate showing 1.493 and 1.586 appellation of refractive index respectively. 
Regarding other useful polymers, polypropylene, polyurethane, polystyrene, or vinyl 
chloride and the like may be mentioned. As long as it offers the functions explained in 
this specification, thus selected specific polymer material is not critical to this invention. 
The manufacturer of this product generally make selection of the best commercially 
available polymer materials based on price, application, and manufacturing process. 
However, much attention has been paid to polycarbonate due to its high refractive index 
and excellent physical properties. 

[0011] 

There are several methods to continuously mass produce the film used in this invention; 
and these are included in this specification for purpose of reference, for instance, these 
are already known by the experts skilled in this art through, for instance, USA patents 
3,689,346, the same 4,244,683, the same 4,576,850, and British patent GB2,2127,344A. 
Furthermore, conventional methods that mass produce rigid sheets include compression 
molding die casting, and calendar process. Specificity of the manufacturing method is 
not substantial to this invention, and it boils down to the issues of selection based on 
economy and utilization possibility. 
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[0012] 

As performance or applicability of the film is dominated by its elasticity so the film (10) 
can be curved in various shapes such as, for instance, tubular form or cylindrical form; 
and thickness of the film is important to this invention. The Approximate value against 
diameter (D) of minimum cylindrical body that can cause specific film with thickness (T) 
to curve by measuring from the smooth plane (14) based on the bottom of groove (18) is 
determined by equation formula of D=T.C; and (C) shows a constant relating to the 
coefficient of elasticity of the specific material. Size of prism (16) is very fine, and at the 
least 40 pieces of them are included per 2.5 cm; and when specified thickness of the film 

(10) is (T), smooth plane (14) can be curved to form a smooth continued arc curve while 
maintaining inwardly totally reflection. It was found that the acryl film having micro- 
size prisms to show constant (C) of about 200 that relates to this. For instance, the acryl 
film with 0.38 mm thickness having about 70 pieces of prisms per 2.5 cm shows 
minimum diameter of about 7.6 cm; and on the one hand, it shows sufficient elasticity to 
enable to easily curve to give a cylindrical body while maintaining a smooth continued 
arc-form plane without break [rupture]. Furthermore, when such film is curved as a 
cylindrical body with about 45.7 cm diameter, it displays sufficient rigidity and self- 
standing property to enable to maintain its shape simply. As explained above, said film 
can be utilized in varieties of ways while maintaining its reflectivity; and as instructed 
through the USA patent 4,260,220, it eliminates conventional requirement of strictly 
holding optical work plane in a flat shape. 

[0013] 

As illustrated in the Figure 1A, beams (A) that enter said smooth plane at certain angle 

(11) against normal line (N) based on the smooth plane (14) are refracted, and are totally 
reflected inwardly at the structural plane (12). The beams (A) and normal line (N) are 
both present on a plane that is perpendicular to the direction (p) where prisms (16) of 
linear arrangement on the structural plane (12). Beams (A) are totally reflected inwardly, 
and exit as certain reflected lights (A 5 ) to again the same in-plane. Similarly, it also 
shows separate beams (B) that enter smooth plane (14) with angle (12) at the plane that is 
not perpendicular to the direction (p). Incidental beams (B) are reflected inwardly, and 
exit as beams (B') at separate flat plane that is described by incidental lights (B) and 
prism direction (p). 

[0014] 

Several cases of various application and examples of use of the film (10) that is used in 
this invention are explained below. As illustrated in the Figure 6, regarding the film (10), 
it is possible to attach a parabola trough (30) made of hard and rigid material that 
supports said film (10) in order to form a concentration device of solar energy. As 
explained above, solar energy (S) that enter smooth plane (14) is totally reflected 
inwardly, and is concentrated and exits to the linear target (32) 
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[0015] 

The revolutionary application method of the film (10) showing the most future is to 
form this in a tubular form beam guide tube (40); and to do so, smooth plane (14) 
becomes smooth continued arc curve as illustrated in the Figure 7. Furthermore, as 
illustrated in the Figure 4 and Figure 5, it is possible to form a structural plane (14) either 
on concave plane of the inside or on convex plane of the outer side of the guide tube (40). 
And therefore, as illustrated in the Figure 7, beams are guided to the guide tube (40) by 
light source (L-S), and prescribed portion of the beams are captured by inwardly 
reflection according to the size and position of the beams; and when prisms are 
positioned in parallel to the axial line of the guide tube (40), they exit from the other end. 

[0016] 

Performance of the guide tube (40) may be adjusted through addition of diffusion 
particles, or combining imperfect portions on, for instance, window or side part of the 
prism that is not optically smooth and/or optically dull angle or projection and the like; 
and as a result, guide tube (40) works as an illumination device of which beams are made 
to leak under control. In order to allow beams to leak in controlled manner, projections 
(17) that are generally made sharp as in a form of razor blade for purpose of beam 
transmission can be dulled, in other words, rounded as illustrated in the Figure 8. Leak 
percentage of beams against reflection becomes about r/p; and (r) shows approximate 
radius of rounded projection (17 5 ) of the prism (16'), and (p) shows distance of grooves. 
As explained above, by varying the radius (r) of the projection (17'), it is possible to 
control beam leakage. It is preferable when this control is carried out without 
accompanying additional manufacturing or alteration work afterwards as in the case that 
requires special die or tools, and to carry this out by changing parameters during 
manufacturing processes. It was found that changes made on the parameters shown 
below to be effective and economical in order to carry out repeat and rounding work on 
the projections. They include (1) temperature of molding die, (2) pressure of molding 
die, (3) line speed, (4) temperature of tools, (5) quenching speed, or (6) amount of 
impurities added to the polymer and the like. When manufacturing method other than 
extrusion molding is used, different parameters may be applied. 

[0017] 

This invention's preferred examples are explained above to allow implementation of 
this invention's technology by expert skilled in this area; and these are merely examples 
and should not be used to limit the scope of this invention. Scope of this invention 
should be defined only by the claims. 
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[0018] 

[EFFECTS OF THS INVENTION] 

Particularly beneficial point of the film being deformable includes possible formation of 
a guide tube or an optical tunnel with various shapes of cross section through 
arrangement of prisms with right-angled isosceles in linearly lined manner as parallel, 
orthogonal direction to the axial line of the guide tube, or by applying some angles. 
However, when beams are in the correct direction to the guide tube, they are totally and 
inwardly reflected along the guide tube for the first time, and also, they are transmitted. 
Furthermore, it is possible to adjust the work of guide tube to allow the guide tube to 
work as an illumination device by adjusting amount of leakage of the beams . 

[BRIEF DESCRIPTION OF THE FIGURES] 
[FIGURE 1 A] 

It illustrates an enlarged diagonal view of the film used in this invention. 
[FIGURE IB] 

It illustrates an enlarged diagonal view of the film used in this invention. 
[FIGURE 2] 

It illustrates a schematic end plane view of the film used in this invention. 
[FIGURE 3] 

It illustrates an inverted end plane view of the Figure 2. 
[FIGURE 4] 

It illustrates en enlarged view that is similar to that of the Figure 2 and shows the film 
that is curved as a smooth and continued arc curve. 

[FIGURE 5] 

It illustrates an enlarged view that is similar to that of the Figure 3, and shows the film 
that is curved as a smooth and continued arc curve. 

[FIGURE 6] 

It illustrates a diagonal view of a parabolic form solar energy concentrating trough using 
the film that is used in this invention. 

[FIGURE 7] 

It illustrates a schematic end plane view of the film used in this invention of which 
projections are rounded to allow beam leakage. 
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[DESCRIPTION OF CODES] 

10: film, 12: structural plane, 14: smooth plane, 16: prism, 17, 17': projection, 18: 
groove, 20: right-angled side, 40: guide tube, [I: Figure] 

Figures 1 through 8 
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H^<DStf fc* v*tt3fe¥ h y^l:»)S L 5 6 £ fc 
So L*Lft#& % *»*WKBjEKrtiv^fcfc*3iai 

[Bffi©ffl¥fcRW] 

So 

[BIB] ^^icffiVNS^^/v.Acott^KB'Cfe 

So 

[B2] *»W{cfflv^7-f^Aeo«»«8BBT?*>5 0 

[B3] B2©ffilft«BBT?fcS 0 

[B4] 7^A^A»B&^ftXttLfcnBABK:Arf& 

So 

[15] 7-r/i/A#»b^fta»Lfcnaift»«cftrt r ?> 

tt^:R(07^/i/ASr^i- % B3 fcSfilcoffi±LfcBT?& 

So 

[B6] *»WK:fflv^67-f/i/A«rfflv^ 

IB 7] *BW©7-<>i/A«:fflv^3tl8»fl c o««Bt? 

foSo 

[B 8 ] jfifttfBJxft <fc 5 fc*8lc*fcfcortfc*BH 
W*oRB] 

1 0 — /WA 

1 2-«3SB 

1 4-»e>d»ftffi 
i 6-xy xa 

17, 17' -jjfi 
18-» 

2 0-E«*ia 
4 0-«t 
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